Purpose We investigated comorbidities and endometrial cancer survival by ethnicity because Hispanic whites (HWs) have worse survival than non-Hispanic whites (NHWs). Methods An endometrial cancer cohort (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004) established with the Surveillance, Epidemiology and End Results-Medicare-linked database (n = 3,286) was followed through 2007. Endometrial cancer-specific and other cause mortality were evaluated with multivariate hazard ratios (mHRs).
Introduction
Uterine cancer is the most common gynecologic cancer and is broadly grouped into three types: carcinomas, sarcomas, and a mixture of these two, the carcinosarcomas [1, 2] . On a population basis, endometrial carcinomas (including the adenocarcinomas) comprise about 85 % of all uterine cancers [3] . Early-stage endometrial cancer has a good prognosis, but five-year survival falls to 20 % for stage IV cancers [4] . Disparities in endometrial-specific cancer survival between whites and blacks have been studied [3, 5, 6 ], but little is known about disparities between nonHispanic whites (NHWs) and Hispanic whites (HWs). HW Electronic supplementary material The online version of this article (doi:10.1007/s10552-012-0090-z) contains supplementary material, which is available to authorized users.
women have a lower age-adjusted incidence of uterine cancer than NHWs, but overall mortality is more similar than would be expected based on the incidence, indicating an overall poorer survival for HWs relative to NHWs.
While the reasons for this disparity are unknown, a higher prevalence of comorbidities such as diabetes [7] and hypertension [8] in HWs relative to NHWs is one possible explanation, as these comorbidities may reduce survival following cancer diagnoses [9] [10] [11] [12] [13] . Additionally, hypertension and diabetes are risk factors for endometrial cancer [14] [15] [16] [17] . Thus, comorbidities may explain part or all of the survival disparities between HWs and NHWs. It is also possible that HW are more likely to have advanced cancers or more likely to have a more aggressive cancer than NHWs. We used the Surveillance, Epidemiology and End Results (SEER)-Medicare-linked database to establish a cohort of HW and NHW women with endometrial cancer in New Mexico (NM) and three areas in California to evaluate the impact of comorbid conditions on survival and to determine whether tumor and treatment factors or whether comorbidities accounted for differences in survival.
Methods

Data sources
We used the linked SEER-Medicare database [18] that included cancer cases reported to the SEER program from 1992 to 2004 and Medicare claims from 1991 to 2007. The SEER program is a compilation of population-based cancer registries for cancer surveillance in the United States [19] . In each SEER region, information on demographic factors, cancer characteristics, initial treatment, and vital status is collected. We restricted our analysis to four SEER registries with substantial Hispanic populations: Los Angeles, CA; San Francisco-Oakland, CA; San Jose-Monterey, CA; plus, the NM registry. Medicare provides health care insurance for 97 % of persons aged C65 years in the United States. For Medicare beneficiaries enrolled in the fee-for-service plan (parts A and B), information regarding diagnoses, hospitalizations, and procedures are captured in the Medicare claims files. This research study received ethical approval from the Health Research Protections Office of the University of New Mexico.
Race and ethnicity
The SEER variable for Hispanic origin uses the North American Association of Central Cancer Registries Hispanic Identification Algorithm (NHIA) for cases diagnosed since 1992. The NHIA variable is an algorithm that uses Spanish/Hispanic surname or Spanish origin to classify cases as Hispanic [20] . We cross-classified the NHIA variable with the SEER race variable restricted to whites only because Hispanics may be of any race (white, black, etc.), and we sought to avoid confounding by race. The SEER race/ethnicity variables were used as they have greater specificity than the analogous Medicare variables [21] .
Study cohort
In the linked database, we identified all women C66 years of age diagnosed with first primary, invasive endometrial cancer (ICD-O-3 [22] sites 54.0-54.3, 54.8, 54.9, and 5.59 with histology codes as outlined in Online Appendix Table 1 ) between 1992 and 2004. These years have consistent and systematic coding of Hispanic ethnicity, and ensure at least 3 years of follow-up for each case. We excluded women aged 65 years at diagnosis to ensure at least 1 year of Medicare claims prior to diagnosis to identify comorbid conditions. Women who did not have microscopic verification of cancer, who were diagnosed only at the time of death, or who were enrolled in a managed care plan in the 12 months before diagnosis or at any time during follow-up were excluded. We further restricted to women identified by SEER as NHW or HW. Thus, 2,964 NHW and 322 HW women formed the study cohort (see Online Appendix Figure 1 ).
Comorbidities and comorbidity weights
We assessed comorbidities via the well-established index developed by Charlson [23], Deyo [24] , and Romano [25] as presented on the SEER-Medicare website [26] using both inpatient and outpatient claims. We also used an established and validated algorithm [27] Table 2 ) [29] . Using Cox proportional hazards, comorbid conditions were used to predict 2-year mortality from causes other than cancer; those who died of cancer in this time frame were censored. All models included age at diagnosis and cancer stage using the SEER summary staging variable (local, regional/ distant, and unknown) [30] . These more contemporary endometrial cancer-specific comorbidity weights are presented with the analogous Charlson comorbidity weights in Online Appendix Table 2 .
Patient and disease characteristics Ethnicity (NHW, HW, described above), age at diagnosis, year of cancer diagnosis, and number of cancer diagnoses were identified from SEER. Using SEER, we classified tumor stage into three groups (local, regional/distant, unknown) and tumor histology into two groups (type I vs. type II-see Online Appendix Table 1 ). From both inpatient and outpatient Medicare claims, we identified cancer treatments (hysterectomy, radiation therapy, and chemotherapy) for cases within the year following diagnosis (Online Appendix Table 3 ); no SEER surgery/treatment information was used. Information on education, rural residence, and income at the time of diagnosis was provided in the linked dataset and was estimated from aggregate census tract data from the US Census Bureau. These attributes were assigned per the 2000 decennial census for women diagnosed in 1998 and beyond and per the 1990 decennial census for women diagnosed earlier.
Statistical analyses
The characteristics of NHW and HW women with cancer were compared with respect to demographic, tumor, and treatment characteristics as well as the presence of diabetes, hypertension, and other comorbid conditions using v 2 statistics. We also compared women with and without diabetes, hypertension, and other conditions with respect to tumor characteristics and treatment. Multivariate hazard ratios (mHRs) were estimated through Cox proportional hazards modeling [31] to evaluate ten-year cancer-specific survival and other survival associated with the presence of comorbid conditions for HWs relative to NHWs. Cancer-specific survival was based on death due to endometrial cancer as per the method described in Howlader et al. [32] . To isolate death due to endometrial cancer from all other causes of death, we also determined other survival as death due to any cause except endometrial cancer. In either case, patients who were not known to be deceased were censored at the date of last information [32] . We estimated HRs for ethnicity adjusted for age at diagnosis, year of diagnosis, stage of disease, tumor type (I vs. II), and receipt of surgery, chemotherapy, radiation therapy; further adjustment for marital status, metropolitan residence, and tumor grade did not alter the risk estimates and were not included in the models. By expanding this model, we evaluated the impact of the comorbidities and the impact of census tract education and income. Survival analyses were conducted with SAS Ò , version 9.3 (SAS Institute, Cary, NC).
Results
HWs were younger at diagnosis and were more likely to reside in non-metro areas, in neighborhoods with low median incomes, and in those with low education attainment than NHWs (all p values\0.05) ( Table 1) . HWs were also more likely to have later-stage disease (for regional/distant stage, 31.7 vs. 24.8 %) (p value = 0.011). Hysterectomy was common in both groups, but HWs were less likely to have had surgery and more likely to have radiation and chemotherapy than NHWs (all p values\0.05).
HWs were more likely to have diabetes (31.7 vs. 11.0 %) and hypertension (49.4 vs. 37.6 %) than NHWs (p values \0.001) ( Table 1 ). In the standard Charlson comorbidity score excluding diabetes, there was little difference in the percentage of HWs and NHWs with a score of 1 (14.0 vs. 14.6 %, respectively) or 2? (6.5 vs. 5.2 %, respectively). As described in the methods, we re-calculated the weighting of comorbid conditions to reflect a more contemporary twoyear mortality experience of all endometrial cancer patients in 12 SEER regions (Online Appendix Table 2 ). When applied to our cohort, the difference in the weighting for each of the comorbidities shifted some women with a Charlson score of 1 to either a higher or lower score in both HWs and NHWs. This resulted in scores of 2? for 9.0 % of HWs and 7.7 % of NHWs, but there was still little difference between HWs and NHWs. These more contemporary scores were used in all subsequent analyses.
Overall, diabetes was not strongly associated with tumor characteristics or non-surgical treatment in our cohort, but it was associated with hysterectomy: 93.2 % of women without diabetes had the surgery versus 88.8 % of those with diabetes (p value \0.01) ( Table 2) . Hypertension was not strongly associated with tumor characteristics or treatment, except that type II tumors were more likely in those with hypertension (14.9 vs. 11.3 %) (p value = 0.02). In contrast, the proportion of women with local disease or surgery decreased with comorbidity scores of 0, 1, 2? (for local disease, 71.7, 70.9, and 61.3 %, and for surgery, 94.5, 88.4, 75.0 %, respectively) (p values\0.05). Comorbidities were strongly associated with census tract income and education (p values \0.001). To avoid colinearity in subsequent models, we adjusted for only one of the census tract variables (education).
For comorbidities and survival, the pattern of survival between HWs and NHWs was similar. Diabetes at cancer diagnosis did not strongly impact disease-specific survival, but was associated with poorer other survival for both HWs and NHWs (HWs, HR = 2.67, 95% CI = 1.64, 4.35 and NHWs, HR = 1.86, 95% CI = 1.52, 2.28) ( Table 3) . Even though women with hypertension were more likely to have type II tumors, the presence of hypertension was not strongly related to survival. For comorbidity scores, a score of 2? was associated with a modest elevation in death from endometrial cancer among NHW women (HR = 1.38, 95% CI = 1.04, 1.82), but not among HW women; whereas for death from other causes, a score of 2? was associated with poorer survival for both groups (HWs, HR = 3.22, 95% CI = 1.78, 5.81 and NHWs, HR = 2.24, 95% CI = 1.79, 2.80). Both disease-specific death and death from all other causes were higher for Hispanic women than for nonHispanic women (Table 4) . For endometrial cancer-specific death, the age-adjusted HR for HWs compared to NHWs was 1.28 (95% CI 1.01, 1.61). Adjustment for disease characteristics and treatment removed a difference in risk by ethnicity (HR = 1.02 95% CI 0.81, 1.29). Further adjustment for comorbidities and education did not alter the HRs appreciably. In contrast, for death from all other causes, the age-adjusted hazard ratio (HR) for HWs compared to NHWs was 1.37 (95% CI 1.09, 1.72). Adjustment for disease characteristics and treatment reduced the HR to 1.27 (95% CI 1.01, 1.59). However, addition of comorbidities removed a difference in risk by ethnicity (HR = 1.07 95% CI 0.85, 1.35). Adjustment for education also removed the difference in risk difference by ethnicity (HR = 1.12 95% CI 0.89, 1.42).
Discussion
We found that HWs were much more likely than NHWs to have diabetes and hypertension, but only slightly more likely to have other comorbid conditions. The presence of comorbid conditions was related to some tumor characteristics and treatment (particularly surgery). Nonetheless, the comorbid conditions were not strongly related to death from endometrial cancer, but were more strongly associated with death from other causes. We initially found that HWs had poorer survival than NHWs, but for endometrial cancer-specific survival, this disparity was explained in our model by disease/tumor factors and treatment. The residual disparity for other causes of death following adjustment for disease/tumor factors and treatment was explained by the presence of comorbid conditions.
There was a strong correlation between comorbidities and summary indicators of income and education. Thus, adjustment for education had a similar effect as adjustment for comorbidities when assessing survival in HWs relative to NHWs. Others have noted similar associations between socioeconomic (SES) indicators and morbidity [33] [34] [35] . Indicators of lower socioeconomic status were strongly associated with poorer health and a higher probability of morbidity in the Women's Health Initiative for women of a similar age as those in our study [33] . The high correlation between comorbidities and SES factors in our data makes it difficult to parse the contribution to survival variation when they are modeled together. A strength of our study is that we determined individual comorbid conditions for each women using Medicare billing records. However, a limitation is that we did not have individual-level SES information for these same women. It is possible that individual-level SES information could have helped separate the independent contribution of comorbidities versus SES indicators. We found that HWs in this older group of women were more likely than NHWs to have higher-stage disease. Two other studies that included women of all ages reported little difference in disease characteristics by Hispanic ethnicity, but in each study HWs had a much younger age distribution than NHWs [36, 37] . Our results may differ because of our Medicare population (age C65 years) and the direct comparison of postmenopausal HWs to postmenopausal NHWs. In our study, although the ethnic differences for disease characteristics were not dramatic, these differences and modest treatment differences accounted for the survival disparity in endometrial cancer-specific survival. It is unclear why HWs would have a different disease presentation than NHWs in this older population of women; little research has been done on endometrial cancer risk factors and disease presentation in Hispanic women. Access to health care, lack of health care insurance, distance to care, diagnosis delays, differences in tumors, and differences in risk factors that lead to more aggressive tumors have been suggested as possible explanations for differences [38] . Presumably, health care insurance was not an issue in our analysis because everyone had Medicare coverage. However, our study population came from geographically large states. Given that cancer diagnosis and care is quite specialized, it is possible that distance to care or travel time was an important issue, but whether this was differential between HWs and NHWs is unknown. There could also be risk factor differences between HW and NHWs or differences in molecular features of their tumors that are associated with more advanced disease. Early-stage endometrial cancer has an excellent prognosis, making all of these areas worthy of further study to reduce the severity of disease in HWs at diagnosis, and ultimately improve endometrial cancer-specific survival. Our study has other potential limitations in addition to those already discussed. Although we used an established algorithm for Hispanic ethnicity [20, 39] , there was, inevitably, some misclassification that would diminish differences by ethnicity in our results. We used validated algorithms for diabetes [27] and comorbidities [23] , but there is no analogous algorithm for hypertension; thus, our finding that hypertension was not strongly associated with mortality could be due to misclassification. We did not have data on treatment for comorbidities, and such treatment could influence mortality. We did not have body mass information, which may [11] or may not [40, 41] be related to endometrial cancer survival.
Our results suggest that older HWs had a more serious disease presentation than NHWs and that coupled with modest treatment differences explained the disparity in cancer-specific survival. The reasons for a difference in disease presentation are unknown, but may be worthy of further study to improve endometrial cancer-specific survival in HW women. In this population of older women, diabetes was common: 32 % in HWs and 11 % in NHWs and was similar to that reported in the National Health and Nutritional Examination Survey (NHANES) (24 % in Hispanics and 14 % in NHWs) [42] . We found that diabetes was a strong predictor of mortality in both HWs and NHWs. Others have also found this [9] [10] [11] [12] [13] but not universally [43] ; however, none of these studies evaluated Hispanic women. Indeed, when comparing mortality in HWs to NHWs, adjusting for diabetes alone was almost identical in impact to adjusting for all the comorbid conditions. This suggests that diabetes was 
